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1078–5884/00Pulsatile Wall Motion (PWM) Measurements after
Endovascular Abdominal Aortic Aneurysm Exclusion are
not Useful in the Classification of Endoleak
B. Lindblad,1* N. Dias,2 M. Malina,1,2 K. Ivancev,2 T. Resch,2 F. Hansen3 and
B. Sonesson1,2Departments of 1Vascular Diseases, 2Diagnostic Radiology and 3Clinical Physiology, Malmo¨ Endovascular
Center, Lund University, Malmo¨ University Hospital, S-205 02 Malmo¨, SwedenThe pulsatile wall motion (PWM) of AAA is reduced after endovascular stent-graft placement. The purpose of this study
was to identify whether PWM after endografting was useful in the classification of endoleak.
Patients and Methods. 162 patients treated with EVAR underwent pre- and post-operative PWM assessment with
ultrasonography. Follow-up was 1–9 years. 111 patients had well-excluded aneurysms, three patients had enlarging
aneurysms without any recognizable endoleak (endotension), 16 had type I, 31 had type II and 1 had type III endoleak.
Results. The PWM was reduced from about 1 mm pre-operatively to 0.24 mm post-operatively in well-excluded aneurysms.
PWM remained stable during follow-up. Type I endoleak was associated with moderately reduced PWM (proximal endoleak
0.79 mm and distal 0.32 mm). PWM in patients with type II endoleak was higher (0.32 mm) post-operatively (pZ0.002)
compared to well-excluded aneurysms.
Conclusion. PWM is permanently reduced after endografting. The smallest reduction in PWM was in patients with type II
endoleaks. However, the overlap between the groups does not allow reliable identification of patients having endoleak with
PWM-measurements.Keywords: Endovascular aneurysm reconstruction; Pulsatile wall motion; Stent-graft; Endoleak; Long-term follow-up.Introduction
Early and mid-term results have shown the feasibility
of endovascular abdominal aortic aneurysm exclusion
with endovascular technique (EVAR).1–3 However,
problems have been encountered, such as stent-
migration, endoleaks, material fatigue. We now need
to refine our technique, prolong the durability of stent-
grafts and further improve the results of endovascular
exclusion so that results better those of conventional
open repair. The third generation of stent-grafts seems
to improve early results.4–7 Nevertheless, there are
many unsolved problems before this new technique is
optimised and the most ideal stent-graft can be
designed.
How does a well-excluded aneurysm behave? How
much is the wall motion of the aneurysmal wall
reduced? How is the wall motion influenced by theing author. Bengt Lindblad, Department of Vascular
lmo¨ University Hospital, S-205 02 Malmo¨, Sweden.
: Bengt.Lindblad@kir.mas.lu.se
0623 + 06 $35.00/0 q 2004 Elsevier Ltd. All rights reserpressurization of the aneurysmal sac caused by
collateral perfusion endoleaks? Is treatment of endo-
leak needed or is observation sufficient? How frequent
is endotension (those aneurysms, reconstructed with
stent-grafts, that do increase in size, but where you
cannot see any endoleaks) and how should you treat
it?
An interesting method of gaining further infor-
mation would be to measure the pressure within the
aneurysmal sac, following exclusion of the aneurysm.
Some experimental data have been presented,8,9 and
recently we reported on our initial limited experience
of sac pressure measurements in the follow-up of
EVAR-treated patients.10
Earlier we reported the use of an echo-tracking
ultrasonographic device to measure pulsatile wall
motion (PWM) before and after endovascular aneur-
ysm repair.11 This non-invasive method may reflect the
aneurysmal sac pressure. In a preliminary report we
analysed 54 patients and found that the pre-operative
PWM of the aneurysm was about 1 mm and after
successful exclusion reduced to about 0.25 mm.Eur J Vasc Endovasc Surg 28, 623–628 (2004)
doi:10.1016/j.ejvs.2004.09.002, available online at http://www.sciencedirect.com onved.
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less (about 0.40 mm). PWM could provide a non-
invasive method of gaining knowledge of the behavior
of the aneurysm wall after endovascular stent-graft
placement.
This is an extended follow-up of a larger patient
cohort, where analyses of PWM were possible also in
subgroups with different types of endoleak, to
investigate the clinical diagnostic value of PWM-
measurements in follow-up after EVAR.Patients and Methods
We analysed 162 consecutive patients, out of 273, with
the following data available: endovascularly excluded
abdominal aortic aneurysms, at least 1 year follow-up
and treatment between November 1993 and Novem-
ber 2001 in our department.
In this prospective study some patients, especially
emergency cases, referrals from other hospitals and a
few patients with obesity or major heart arrhythmia
making measurements impossible did not have pre-
operative data on aneurysm wall motion. The 162
patients (142 men and 20 women) included all those
who, pre-operatively and during follow-up, had
undergone ultrasonography including measurements
of pulsatile wall motion of the aneurysm wall by
means of an echo-tracking device, Diamovew. These
patients had a median age of 73 years (range 58–84).
Median follow-up was 42 months (range 12–108).
Our preoperative work-up for assessment of aneur-
ysm morphology included CT (5 mm collimation,
5 mm table movement and 3 mm axial slice recon-
structions as well as multiplane and 3-dimensional
reconstructions), angiography and ultrasonography
with Diamove measurements of PWM. Assessment of
cardiac and respiratory status was routine.
Follow-up included CT, with the same technique as
described above, plain X-ray and ultrasonography at 1
month, 6 months post-operatively and thereafter twice
yearly. Follow-up often included angiography at 1 year.
Recently, due to improved results and less late
additional adjustments, we changed the follow-up
policy to plain X-ray at 1 month and CT-examination
only when required and thereafter CT-scan and plain X-
ray yearly and in between ultrasonography half-yearly.
For this analysis we grouped the 162 patients as
follows:1.EuPatients with well-excluded aneurysms that did not
increase in size (nZ111) during follow-up.2. Patients with no evidence of endoleak on CT scan orr J Vasc Endovasc Surg Vol 28, December 2004ultrasonography, but with enlarging aneurysms
(endotension), (nZ3).3. Patients with anastomotic or graft related endoleak
(type I; nZ16, type III; nZ1).4. Patients with collateral perfusion endoleak (type II;
nZ31).
Demographic and pre-operative aneurysm data are
given in Table 1. At the point where maximal
aneurysmal diameter was measured, the thrombus-
free lumen was defined. The definition of well-
excluded aneurysms was no detectable endoleaks
and unchanged or shrinking aneurysm size. Enlarging
aneurysms were considered when the size increased
5 mm or more. Patients, who at any time had a verified
proximal or distal stent-graft anastomotic endoleak,
were analysed separately, as well as all those who at
any time-point had a verified collateral perfusion.
Diamove is an electronic echo-tracking device
(Diamove, Teltec AB, Lund, Sweden) interfaced with
a B-mode real-time ultrasound scanner (EUB 240,
Hitachi, Tokyo, Japan) fitted with a 3.5 MHz linear
array transducer. The instrument has dual echo-
tracking allowing simultaneous measurement of two
separate echoes from the opposing aneurysm wall.
Each echo is locked in loops with a repetition
frequency of 870 Hz that gives a time resolution of
1.2 ms and is stored. This means that the echo
movement in short-time loops can be analysed giving
the possibility of following the vessel diameter
changes during each heart cycle. The smallest detect-
able movement is 7.8 mm. In order to be able to place
the probe as close as possible to identical parts of the
aorta, the real-time image was used to localize the site
with the maximal diameter and minimizing the risk of
tilting the probe.
For patients with aneurysms the inter- and intra-
observer variability of PWM changes has been found
to be 16 and 22%.12 We also evaluated the inter- and
intra-observer variability of PWM in patients with
aneurysms that were endovascularly excluded and
found the variability of 10% for inter- and 13% for
intra-observer variability.
All PWMs were made with the patient in supine
position after a 15 min rest and the brachial pressure
having been measured. We investigated the PWM at
the largest diameter of the aneurysm, where also the
diameter and the PWM of the graft were measured.
Statistical analysis was performed with Stat View
software (Stat View 4.5, SAS Institute, Cary, USA).
Medians and interquartile ranges are presented,
because normal distribution of values could not be
assumed. Wilcoxon signed rank test was used for
comparison of paired data and the Mann–Whitney test
Table 1. Demographic and morphologic data
Well-excluded EVAR
nZ111
Endotension nZ3 Type I and III endoleaks
nZ17
Type II endoleaks nZ31
Age 73 (66–81) 70 (66, 74, 75) 72 (65–77) 74 (64–80)
Sex F/M 15/96 1/2 0/17 4/27
Maximal AAA size
(mm)
55 (51–64) 57, 59, 62 55 (50–58) 58 (51–62)
Non-thrombosed lumen
(mm)
30 (26–38) 20, 22, 29 37 (28–44) 38 (27–43)
Preprocedural pulsatile
wall motion (mm)
0.96 (0.74–1.32) 0.45, 0.76, 1.00 0.98 (0.78–1.26) 1.17 (0.74–1.40)
Median values and interquartile range are given.
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made with Spearman’s test. A p value of p!0.05 was
considered significant.Results
The three groups with well-excluded, type I and II
endoleaks showed no difference in pre-procedural
aneurysm size (55 IQR 51–64, 55 IQR 50–58 and 58 IQR
51–62 mm).
Less thrombus mass in the aneurysm sac was found
in patients developing collateral perfusion, but the
difference did not reach statistical significance (Table 1;
non-thrombosed lumen versus well-excluded AAA
pZ0.236). There were 10 minimally-thrombosed
aneurysms in 31 patients that developed collateral
perfusion compared with 18 minimally-thrombosed
aneurysms in 111 patients, who had well-excluded and
shrinking aneurysms (p!0.01).
Pre-operative PWM was similar for the three
groups (Table 1). There was no correlation between
preoperative PWM and the size of AAA or degree of
non-thrombosed aneurysm lumen.Fig. 1. Box plot of pulsatile wall motion (mm) pre-
operatively and after endovascular stent-graft treatment in
well-excluded aneurysms (nZ111).The well-excluded sac
PWM is shown in Figs. 1 and 2. After endovascular
aneurysm exclusion there was a highly significant
reduction in PWM and this reduction (p!0.0001)
remained during the entire follow-up (maximum 9
years). At 1 month follow-up PWM was 0.24G0.17 and
there was a further reduction of PWM between the
first and sixth month after AAA exclusion for those
with well-excluded aneurysms (pZ0.01) and the
suggestion of further reduction between the 6 and 12
month measurements (pZ0.08).
The reduction in aneurysm size is shown in Figs. 3
and 4. In well-excluded aneurysms there was a
shrinkage that started after 1 month and continued
during the entire follow-up (p!0.001).A correlation between PWM at 1 month follow-up
of the aneurysm and the graft motion (0.38 IQR 0.08–
0.69) was observed (pZ0.005). There was also a weak
correlation between the graft motion and the graft
diameter (25 mm IQR 18–32 mm; pZ0.02) as well as
between the maximal AAA diameter and the graft
diameter (pZ0.02).Endotension
In 3 patients (1.9%) endotension was considered
possible, because the aneurysm did not reduce in
size as expected and no endoleaks could be detected.
Pre-operative PWM was between 0.45 and1.00 mm
and during post-operative follow-up between 0.25 and
0.52 mm during the follow-up. The AAA diameter at 1
year had increased by 5, 6 and 10 mm in the 3 cases.
Type I endoleaks
Of the 16 patients with anastomotic leak (type I) and 1
with graft related endoleak (type III), 8 were noted
intraoperatively, but remained even after additional
corrective efforts during the primary procedure.
The others developed or were detected during the
follow-up and were considered to be due to angulated
necks (nZ3), stent-graft migration (nZ5) and in one aEur J Vasc Endovasc Surg Vol 28, December 2004
Fig. 2. Pulsatile wall motion (mm) between well-excluded
aneurysms, type I and II endoleaks before and after
endovascular stent-graft treatment.
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anastomotic leak and 1 graft fabric related endoleak
showed, before they were verified, a reduction of
PWM similar in magnitude to other patients. Of those
with type I endoleaks, 18 further interventions in 16
patients were performed; 3 patients were treated with
new endovascular stent-grafts, 3 with proximal graft
elongation, 5 patients with proximal Palmaz stent
placement (1 patient had operatively a band placed
around the neck of the aorta), 4 with distal graft
elongation and 3 patients with distal coil embolisation.
In the 8 patients with proximal leaks, the pre-operative
median PWM was 0.98 mm and post-operatively,
when the leak was seen, it was reduced to 0.79 mm.
After endoleak correction, median PWM fell to
0.30 mm. In the 8 patients with distal leaks, preopera-
tive median PWM was 0.99 and post-operatively,
when the leak was observed, 0.38 mm and after
endoleak correction 0.24 mm. Aneurysm diameter
did not change during the time period when theFig. 3. Box plot of the reduction of aneurysm size (mm)
compared with pre-operative size and after endovascular
stent-graft treatment in well-excluded aneurysms (nZ111).
Eur J Vasc Endovasc Surg Vol 28, December 2004type I endoleak was noted, but after treatment a
delayed reduction in size, comparable with that in the
group with well-excluded aneurysms, was found (Fig.
4).
Type II endoleaks
In 31 patients with collateral perfusion of their
excluded aneurysm, the median pre-operative PWM
was 1.17 mm, post-operative PWM at 1 month was
0.32 mm (compared with the well-excluded group; pZ
0.002), at 6 months 0.36 mm (pZ0.004), at 1 year
0.37 mm (pZ0.058). Thereafter we could not see any
difference in comparison with the group with well-
excluded aneurysm (Fig. 2).
Aneurysm diameter was not reduced by as much as
in patients with well-excluded aneurysm (Fig. 4). Of
these type II endoleaks 12 patients were treated for
their collateral perfusion (coil-embolisation in 8
patients, glue in 4). Median PWM post-operatively,
but before specific adjunctive procedures were made
towards the collateral perfusion, was 0.32 mm and
was reduced to 0.26 mm after treatment. After treat-
ment the diameter of the AAA was reduced in 7 of the
12 patients.
In the 19 patients, who did not have any adjunct
procedures for their collateral perfusion, median
PWM was post-operatively 0.32 mm and at 1 year
0.33 mm. The aneurysm diameter was reduced in 7
patients and increased in 12 patients (maximum at 1
year C5 mm).Discussion
The current results support our earlier findings,11 that
an AAA completely excluded with an endograft
shows a marked reduction in PWM to about 20–30%
of the pre-operative PWM and that this remains
during follow-up.
A well-excluded aneurysm shows no change in
aneurysm diameter at 1 month, a finding that is in
accordance with others’ observations.1–4 Thereafter,
the aneurysm shrinks by 8 and 12 mm during the first
and second year of follow-up, respectively. During this
time period the major part of the remodelling seems to
have occurred. This finding corresponds to most other
reports.1–7 Our present analysis of well-excluded
aneurysms, shows that further, although small,
decrease in aneurysm diameter continued for up to 9
years after endografting.
We and others, have reported previously on the
fact that patients with collateral perfusion usually
have an unchanged aneurysm size after endovascular
exclusion.1–7 Likewise, lower values of PWM were
Fig. 4. Aneurysm size development (mm) compared with
pre-operative size between well-excluded aneurysms, type I
and II endoleaks after endovascular stent-graft treatment.
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operative values) in the earlier report. 11 This is
confirmed in this study. However, we did not find
that PWM was helpful in the diagnosis of which
patients with collateral perfusion would have enlarge-
ment of their aneurysm. Interestingly, in the 12
patients with further intervention to block collateral
perfusion, the reduction in PWM was minimal and no
pattern was seen between those AAA that shrank after
further correction and those that did not. We need to
learn more about collateral perfusion and when and
how to treat these patients in an optimal way.12 In this
study, the diagnosis and classification of endoleak was
made using thin-sliced CT, which is as accurate as any
current follow-up imaging. In other series, less
meticulous imaging has resulted in some uncertainty
concerning the classification of endoleak. This must be
remembered when discussing the optimal treatment of
collateral perfusion. The use of intra-aneurysmal
pressure monitoring,10 would definitively make us
more certain of the classification of endoleaks and how
to treat them.
PWM measurements do not predict AAA rup-
ture.13,14 The use of PWM in the follow-up of EVAR
does not add valuable information and other
additional tools to improve follow-up are needed.
Patients with type I endoleak, especially if a
proximal anastomotic endoleak was seen, had only a
minimal reduction in PWM. After treatment of the
endoleak, PWM was reduced to about the level seen inwell-excluded aneurysms and in most cases shrinkage
of the aneurysm was noted. Today, most endovascular
groups are aiming to cover the entire aorta from the
renal artery take-off down to the iliac bifurcation. A
type I endoleak found at the initial procedure will be
further treated intra-operatively and improved
adjunct methods have almost made type I endoleaks
cease to exist.5–7 Our experience reported here is based
on ‘early’ cases. All of these type I endoleaks were
treated successfully with secondary procedures, after
which PWM was reduced to levels observed in well-
excluded aneurysms.
What do our results imply for the follow-up after
EVAR? A well-excluded aneurysm has a substantial
reduction in PWM and this is also seen after treatment
of type I endoleaks. A more complex picture is found
in patients with type II endoleaks. PWM is reduced,
but not entirely to the same extent. In these patients the
size of the aneurysm is mainly unchanged. However,
there is a rather wide variation so for the individual
patient there is no substantial value for PWM-
measurements in the follow-up after EVAR.Acknowledgements
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